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1	Introduction
RAN3 has received the LS from RAN1 in [1] listing the following agreements related to UL-AoA/ZoA assistance signalling for Rel-17 NR positioning enhancements.
	[bookmark: _Hlk78971650]RAN1 #104-e Meeting
Agreement:
1. NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
0. Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
0. FFS: Details of procedure for providing the assistance
0. FFS: Reference angle of expected AoA/ZoA

RAN1 #104-bis-e Meeting
Agreement:
● Uncertainty range for expected UL AoA/ZoA is defined as follows 
○ Expected azimuth angle of arrival as (φAOA - ΔφAOA/2, φAOA + ΔφAOA/2)
♦ φAOA - expected azimuth angle of arrival, ΔφAOA – uncertainty range for expected azimuth angle of arrival
○ Expected zenith angle of arrival as (θZOA – ΔθZOA/2, θZOA + ΔθZOA/2)
♦ θZOA - expected zenith angle of arrival, ΔθZOA – uncertainty range for expected zenith angle of arrival
● Select one of the following coordinate system alternatives for signaling UL AoA/ZoA assistance information
○ Alt.1: Only GCS is supported for AoA/ZoA assistance information indication
○ Alt.2: Both GCS and LCS are supported for AoA/ZoA assistance information indication
● FFS: Additional signaling for AoA/ZoA assistance information (expected value and uncertainty range) 

RAN1 #105-e Meeting
Agreement:
● Both GCS and LCS are supported for UL AoA/ZoA assistance information indication.
Note: Existing signaling can be used for obtaining LCS to GCS translation information
Agreement:
● Granularity of 0.1 degrees is applied for the expected AoA (φAOA), expected ZoA (θZOA) and the corresponding uncertainty values

Agreement:
● LMF to gNB signaling of UL AoA/ZoA assistance information (expected value and uncertainty range) is supported for UL-TDOA and Multi-RTT positioning methods



This paper provides our views on how to enhance NRPPa and F1AP to support these agreements.
2	Discussion 
2.2		UL AoA/ZoA assistance information walkthrough
In the RAN1 LS, RAN1 has agreed on some parameters for the AoA/ZoA range of expected values and uncertainties and asks RAN3 to add signaling support for this new assistance information by enhancing the NRPPa procedure (RAN1 #104-e Meeting agreement). 
Currently in NRPPa (and F1AP), there is only one direction of arrival that can be signaled from the gNB to LMF defined in the UL Angle of Arrival IE in NRPPa section 9.2.38. The motivation behind adding a range of uncertainty for the UL AoA is to improve the positioning accuracy by addressing the ambiguities in the UL AoA estimation due to detecting alternative directions. We can observe from the RAN1 #104-bis-e Meeting agreements that RAN1 has agreed this assistance information can:
1- Take the form of expected value and uncertainty range for each of the Azimuth angle of arrival (AoA) and Zenith angle of arrival (ZoA). 
2- Both GCS and LCS are supported in this assistance info (RAN1 #105-e Meeting agreement)
3- Granularity of 0.1 degrees is applied for all parameters
4- Additional signaling is FFS
Converting this into NRPPa signalling, we can design it as follows:
9.2.Y	UL-AoA assistance information (FFS)
This information element contains the expected AoA/ZoA values and uncertainty range for addressing ambiguities in UL-AoA estimation.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	
	1
	
	

	>Expected value
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]


	>Uncertainty range
	O
	
	INTEGER(-1799..1799)
	

	Zenith Angle of Arrival
	
	0..1
	
	

	>Expected value
	M
	
	INTEGER(0..1799)
	TS 38.133 [16]


	>Uncertainty range
	O
	
	INTEGER(-899..899)
	

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	



From NG-RAN’s perspective, the above encoding is based on gNB (or gNB-DUs) estimating the phases representing the expected values and the uncertainties in the phases estimates, then signaling them altogether to the LMF (or to gNB-CU over F1-C). The LMF subsequently calculates one or more solutions based on this supplementary information. 
Proposal 1: RAN3 to discuss the proposed encoding for the UL-AoA assistance information in NRPPa and F1AP and agree on a TP for each spec.
Additionally, we think that when the gNB performs the UL-AoA estimation and identifies one solution, it would be beneficial to add the uncertainty range values to the UL Azimuth and Zenith AoA estimates to improve the accuracy for this solution. This will be a simple addition to current UL AoA IE in 9.2.38:
9.2.38	UL Angle of Arrival
This information element contains the uplink Angle of Arrival measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	

	Azimuth AoA Uncertainty range
	O
	
	INTEGER(-1799..1799)
	

	Zenith AoA Uncertainty range
	O
	
	INTEGER(-899..899)
	



Observation 1: In case gNB (or gNB-DUs) identifies one UL-AoA solution, it is beneficial to add the uncertainty ranges to the UL-AoA estimate to improve this solution’s accuracy.
Proposal 2: RAN3 to enhance the existing UL AoA IE by adding the AoA and ZoA uncertainty range values
Furthermore, in order to support signaling many UL AoA solutions as proposed initially when the gNB (or gNB-DU) performs UL AoA estimation and identifies a number of alternative solutions with uncertainty ranges, RAN3 should include a new IE in the TRP Measurement result IE to enable the reporting of all the estimated UL AoA solutions. We can remark that since the Measured Results Value has a choice structure in the TRP Measurement result IE, it is possible to enhance NRPPa so that a TRP can return in the NRPPa Measurement Response message a list of UL AoAs’ expected values and uncertainty ranges, rather than a single UL AoA solution as defined in Rel-16. The list of the UL AoAs to be added in the TRP Measurement result IE can be as follows:
9.2.xx	UL Angle of Arrival Report
This information element contains the list of the detected uplink Angle of Arrival measurements.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	List of UL AoA
	
	1..<maxnoofAddAoAs >
	
	

	> UL-AoA assistance information
	M
	
	9.2.Y
	



	Range bound
	Explanation

	maxnoofAddAoAs
	Maximum no of additional AoAs that can be reported. Value is FFS



Proposal 3: RAN3 to agree adding a report with UL AoA estimates in NRPPa and F1AP

Finally, the last RAN1 #105-e agreement mentions that the UL AoA/ZoA assistance information are sent from LMF to gNB for UL-TDOA and Multi-RTT positioning methods. This is similar to the Rel-16 Search Window Information IE that is signaled to the gNB in the first NRPPa (and F1AP) MEASUREMENT REQUEST message. In the same fashion, it makes sense that LMF sends this assistance information during the MEASUREMENT REQUEST message for each TRP Measurement Request Item. 
Proposal 4: RAN3 add the UL AoA assistance information in the NRPPa and F1AP MEASUREMENT REQUEST message
Below the signaling diagram for the multi-RTT and UL-TDOA methods from TS 38.305:


Figure 1: UL-TDOA and Multi-RTTpositioning procedure

Since the gNB may not always require the UL AoA assistance information, it is important that LMF knows this in advance so that it would not send the expected AoA/ZoA and uncertainty ranges unnecessarily. Therefore, we propose that the gNB may send as part of the NRPPa (and F1AP) POSITIONING INFORMATION RESPONSE message (i.e. when configuring SRS) that it will require the expected AoA/ZoA and uncertainty window. The LMF will take this into account when sending the request message.
Proposal 4bis: The gNB can signal that it requires the expected AoA/ZoA and uncertainty range as part of the NRPPa (and F1AP) POSITIONING INFORMATION RESPONSE and UPDATE messages

2.3		Previous agreement on UL-AoA
In last RAN3 meeting, companies in [2] and [3] have mentioned the following RAN1 agreement on UL-AoA which impacts the measurement reporting:
	Agreement:
· The following option is supported to enhance signaling of UL-AOA measurement report in case of a linear array
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· UL-AOA signalling details for support of Option 2 are left up to RAN WG3



We remark that the Zenith AoA (ZoA) along with the LCS to GCS translation must both be provided in case of linear array. The Azimuth AoA need not to be reported in this case. RAN3 has confirmed this understanding in the previous meeting’s SoD [4]. A proposal is to define a new UL Angle of Arrival linear array IE in the TRP Measurement Result IE choice – that is extensible in ASN.1 - where ZoA and the LCS /GCS Translation are both mandatory present.
[bookmark: _Toc51776055][bookmark: _Toc56773077][bookmark: _Toc64447706]9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned criticality

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	
	
	

	>CHOICE Measured Results Value
	M
	
	
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	
	
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	
	
	

	>>UL RTOA
	M
	
	9.2.39
	
	
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	
	
	

	>> UL Angle of Arrival linear array
	M
	
	9.2.a
	
	YES
	ignore

	>Time Stamp
	M
	
	9.2.42
	
	
	

	>Measurement Quality
	O
	
	9.2.43
	
	
	

	>Measurement Beam Information
	O
	
	9.2.57
	
	
	



[bookmark: _Toc51776056][bookmark: _Toc56773078][bookmark: _Toc64447707]9.2.a	UL Angle of Arrival linear array
This information element contains the uplink Angle of Arrival linear array measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Zenith Angle of Arrival
	M
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	
	1
	
	

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	



Proposal 5: RAN3 to add the UL Angle of Arrival linear array IE to NRPPa and F1AP TRP measurement results. 
3	Conclusion
In this contribution, we have analysed the RAN1 LS on AoA/ZoA assistance information. We have observed and proposed the following:
Observation 1: In case gNB (or gNB-DUs) identifies one UL-AoA solution, it is beneficial to add the uncertainty ranges to the UL-AoA estimate to improve this solution’s accuracy.
---
Proposal 1: RAN3 to discuss the proposed encoding for the UL-AoA assistance information in NRPPa and F1AP and agree on a TP for each spec.
Proposal 2: RAN3 to enhance the existing UL AoA IE by adding the AoA and ZoA uncertainty range values
Proposal 3: RAN3 to agree adding a report with UL AoA estimates in NRPPa and F1AP
Proposal 4: RAN3 add the UL AoA assistance information in the NRPPa and F1AP MEASUREMENT REQUEST message
Proposal 4bis: The gNB can signal that it requires the expected AoA/ZoA and uncertainty window as part of the NRPPa (and F1AP) POSITIONING INFORMATION RESPONSE and UPDATE messages
Proposal 5: RAN3 to add the UL Angle of Arrival linear array IE to NRPPa and F1AP TRP measurement results. 
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5 	TP to NRPPa BL CR
START OF CHANGES
[bookmark: _Toc51775995][bookmark: _Toc56773017][bookmark: _Toc64447646]9.1.1.11	POSITIONING INFORMATION RESPONSE
This message is sent by NG-RAN node to provide positioning information.
Direction: NG-RAN node  LMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	[bookmark: _Hlk50141307]SRS Configuration
	O
	
	9.2.28
	
	YES
	ignore

	SFN Initialisation Time
	O
	
	9.2.36
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.2
	
	YES
	ignore

	AoA Assistance Information Request
	O
	
	ENUMERATED (True, …)
	
	YES
	ignore


[bookmark: _Toc51775997][bookmark: _Toc56773019][bookmark: _Toc64447648]
NEXT CHANGE
9.1.1.13	POSITIONING INFORMATION UPDATE
This message is sent by NG-RAN node to indicate that a change in the SRS configuration has occurred.
Direction: NG-RAN node  LMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	ignore

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	SRS Configuration
	O
	
	9.2.28
	
	YES
	ignore

	SFN Initialisation Time
	O
	
	9.2.36
	
	YES
	ignore

	AoA Assistance Information Request
	O
	
	ENUMERATED (True, …)
	
	YES
	ignore



NEXT CHANGE
[bookmark: _Toc51776011][bookmark: _Toc56773033][bookmark: _Toc64447662]9.1.4.1	MEASUREMENT REQUEST
This message is sent by the LMF to request the NG-RAN node to configure a positioning measurement.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	LMF Measurement ID
	M
	
	INTEGER (1..65536, …) 
	
	YES
	reject

	TRP Measurement Request List
	
	1
	
	
	YES
	reject

	>TRP Measurement Request Item 
	
	1..<maxnoofMeasTRPs>
	
	
	EACH
	reject

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>>Search Window Information
	O
	
	9.2.26
	
	-
	

	>>Cell ID
	O
	
	NR CGI
9.2.9
	The Cell ID of the TRP identified by the TRP ID IE.
	YES
	ignore

	>> AoA Search Window Information
	O
	
	UL-AoA assistance information 9.2.Y
	
	YES
	ignore

	Report Characteristics
	M
	
	ENUMERATED (OnDemand, Periodic, ...)
	
	YES
	reject

	Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms) 
	The codepoint 60min is not applicable
	YES
	reject

	TRP Measurement Quantities
	
	1
	
	
	YES
	reject

	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

	>TRP Measurement Type
	M
	
	ENUMERATED (gNB-RxTxTimeDiff, UL-SRS-RSRP, UL-AoA, UL-RTOA,…, UL Angle of Arrival Report, UL Angle of Arrival linear array)
	
	-
	

	>Timing Reporting Granularity Factor
	O
	
	INTEGER (0..5)
	Value (0..5) corresponds to (k0..k5)
TS 38.133 [16]
	-
	

	SFN initialisation Time
	O
	
	9.2.36
	If this IE is not present, the TRP may assume that the value is same as its own SFN initialisation time.
	YES
	ignore

	SRS Configuration
	O
	
	9.2.28
	
	YES
	ignore

	Measurement Beam Information Request
	O
	
	ENUMERATED (true,...)
	
	YES
	ignore

	[bookmark: OLE_LINK17]System Frame Number
	O 
	
	INTEGER(0..1023)
	
	YES
	ignore

	Slot Number
	O
	
	INTEGER(0..79)
	
	YES
	ignore



	Condition
	Explanation

	ifReportCharacteristicsPeriodic
	This IE shall be present if the Report Characteristics IE is set to the value "Periodic".



	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.

	maxnoofMeasTRPs
	Maxmum no. of TRPs that can be included within one message. Value is 64. 



NEXT CHANGE
9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	
	
	

	>CHOICE Measured Results Value
	M
	
	
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	
	
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	
	
	

	>>UL RTOA
	M
	
	9.2.39
	
	
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	
	
	

	>> UL Angle of Arrival Report
	M
	
	9.2.xx
	
	YES
	ignore

	>> UL Angle of Arrival linear array
	M
	
	9.2.yy
	
	YES
	ignore

	>Time Stamp
	M
	
	9.2.42
	
	
	

	>Measurement Quality
	O
	
	9.2.43
	
	
	

	>Measurement Beam Information
	O
	
	9.2.57
	
	
	



	Range bound
	Explanation

	maxnoPosMeas
	Maximum no. of measured quantities that can be configured and reported with one positioning measurement message. Value is 16384.



9.2.38	UL Angle of Arrival
This information element contains the uplink Angle of Arrival measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]
	
	

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]
	
	

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.
	
	

	>Alpha
	M
	
	INTEGER (0..3599)
	
	
	

	>Beta
	M
	
	INTEGER (0..3599)
	
	
	

	>Gamma
	M
	
	INTEGER (0..3599)
	
	
	

	Azimuth AoA Uncertainty range
	O
	
	INTEGER(-1799..1799)
	
	YES
	ignore

	Zenith AoA Uncertainty range
	O
	
	INTEGER(-899..899)
	
	YES
	ignore



NEXT CHANGE
9.2.xx	UL Angle of Arrival Report
This information element contains the list of the detected uplink Angle of Arrival measurements.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	List of UL AoA
	
	1..<maxnoofAddAoAs >
	
	

	> UL-AoA assistance information
	M
	
	9.2.Y
	



	Range bound
	Explanation

	maxnoofAddAoAs
	Maximum no of additional AoAs that can be reported. Value is FFS



9.2.Y	UL-AoA assistance information (FFS)
This information element contains the expected AoA/ZoA values and uncertainty range for addressing ambiguities in UL-AoA estimation.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Azimuth Angle of Arrival
	
	1
	
	

	>Expected value
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]


	>Uncertainty range
	O
	
	INTEGER(-1799..1799)
	

	Zenith Angle of Arrival
	
	0..1
	
	

	>Expected value
	M
	
	INTEGER(0..1799)
	TS 38.133 [16]


	>Uncertainty range
	O
	
	INTEGER(-899..899)
	

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	



9.2.yy	UL Angle of Arrival linear array
This information element contains the uplink Angle of Arrival linear array measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Zenith Angle of Arrival
	M
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	
	1
	
	

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	



NEXT CHANGE
ASN.1 in progress
NEXT CHANGE
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